Overall annual incidence per 100,000 individuals was 9.1 (5.9 males/12.5 females). Annual incidence increased over 14 years from 5.1 to 9.8; an average 4.6% per year (p < 0.001). Adolescent idiopathic scoliosis was most common (4.5 per 100,000; n = 1516) followed by neuromuscular 2.7 (n = 913) and congenital 0.7 (n = 236). Average LOS decreased among scoliosis types except infantile and neuromuscular scoliosis. Posterior fusion was the most common surgical approach (75%) followed by anterior (18%) and anteroposterior fusion (7%). Posterior fusions significantly increased with a resultant decrease in anterior and anteroposterior fusion over time. Individuals with neuromuscular scoliosis exhibited the highest mortality (n = 12; 1.3%) and (n = 59; 6%) of individuals with neuromuscular scoliosis and (n = 12; 15%) with scoliosis related to MMC required revision surgery due to post-op infection. Conclusions Surgical management of scoliosis is increasing with a concurrent decrease in hospital LOS. Surgical management of neuromuscular scoliosis is associated with high 90-day post-operative infections and mortality rate.
Introduction muscular disorders. Neurological or muscular disorders that may lead to scoliosis are cerebral palsy, myelomeningocele (MMC), muscular dystrophies, and spinal muscular atrophies [3] [4] [5] .
The main focus of medical intervention for scoliosis is primarily to avert curve progression and secondarily, to correct the curve should the curve progress. In 10% of scoliosis cases the curvature becomes severe [1] and is associated with respiratory issues, disability and pain. Severe curvature in the presence of, or risk of, compromised health is an indication for surgical intervention. Clinical decision-making regarding surgery for scoliosis includes: the individual's age, curve progression, symptoms and any significant underlying disorders [1, 3, 5, 6] .
Presently, we are not aware of any studies that have described the incidence of surgical treatment for different types of pediatric scoliosis and few studies have examined incidence of surgery for various forms of scoliosis by sex. There is also limited information on trends in length of stay [7, 8] . This study will examine data on patients surgically treated for scoliosis in Sweden between 2000 and 2013 and aims to answer the following questions: 1) What is the true incidence and change in incidence of surgically treated scoliosis among Swedish individuals (ages 0-21 years), what are the diagnoses, and in which age groups is surgery performed? 2) How did the incidence for various scoliosis diagnoses differ by sex? 3) What are the trends in hospital length of stay (LOS), infection rates requiring revision surgery and mortality rates within 90 days, and how do these differ according to diagnoses?
Materials and methods
The Ethical Review Board in Stockholm approved the study (number 2012/172-31/4). We hypothesized that trends in surgical rates for children with scoliosis would vary over time and by type of scoliosis and gender. We further hypothesized that infection rates, mortality rates, and LOS would decrease over time. We gathered data from the National Patient Register [9] which codes diagnoses according to the International Classification of Diseases ICD-10 [10] and includes every individual hospitalized in Sweden. Each Swedish individual can be identified by a unique 10-digit national registration number, making it possible to retrieve demographic data, as well as data on type of scoliosis, surgical approach, surgical revisions due to post-operative infections, and duration of hospital stay. We identified all youth and young adults aged 0-21 admitted for primary scoliosis surgery, between January 1, 1997, through December 31, 2013, using diagnostic codes: M41*, Q05*, Q76* (* indicates all of the 4th and 5th  characters) and surgical codes for spine surgery: NAT19,  NAT29, NAG39, NAG49, NAG59, NAG 69, NAG79,  NAG89 and for surgery due to infections within 90 days:  NAS19, NAS29, NAS49, NAS59, NAS69, NAS99,  NAU89, NAW59, NAW69, QWB, T81.4 , and T84.6 [11] .
To minimize the possibility of including children who had scoliosis surgery prior to the study period, we used a "wash out" period from 1997 to 2000, and only included children from January 1, 2000 to December 31, 2013 in our study population. Type of scoliosis was stratified into: infantile idiopathic scoliosis, juvenile idiopathic scoliosis, adolescent idiopathic scoliosis, neuromuscular scoliosis, scoliosis related to MMC, congenital scoliosis, and scoliosis unspecified (including other secondary scoliosis and other forms of scoliosis). We examined the proportion children who developed infections leading to a revision surgery within 90 days (for each type of scoliosis) and the proportion of children who had infections during the first 7 years of the study was compared to the last 7 years. Of these 3062 individuals, 1017 (33%) were males and 2045 (67%) females between the ages of 0-21 years, admitted for inpatient surgery for scoliosis from 2000 to 2013 (Table 1) . These data were linked with the Cause of Death Registry to retrieve date of death to identify mortality within 90 days from the primary scoliosis surgery [12] .
Statistical analysis
Annual incidence was computed by comparing the number of individuals with surgically treated scoliosis to the total number of individuals at risk. Total number of individuals at risk was calculated by summing up the year population (0-21 years of age) for each year (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) , in total 33,585,397 (17,240,398 males and 16,344,999 females) person years), stratified by year of primary surgery, and sex. The number of individuals at risk was provided by government census data [13] . Descriptive statistics, such as counts, percentage, median with interquartile range (IQR) and cross tabulation were used to analyze data on surgical approach, length of hospital stay (LOS), post-operative infections needing surgical revision and mortality within 90 days. We used relative risks (RR) to examine the impact of revision surgery pre and post 2006 (due to changes in materials used for implant; stainless steel versus titanium alloy). Trends over time for primary outcomes were analyzed with linear regression models and Spearman rank correlation coefficients. Statistical significance was defined as p < 0.05. All statistical analyses were performed using SPSS for Mac 23.0 (SPSS Inc., Chicago, IL).
Results
The annual incidence of surgery regardless of type of scoliosis per 100,000 individuals was 9.1 [95% confidence interval (CI), 8.8-9.4], 5.9 (95% CI 5.5-6.2) in males and 12.5 (95% CI 12.0-13.1) in females. The highest annual incidence was seen in females with adolescent idiopathic scoliosis 7.2 (95% CI 6.8-7.7). The same type of scoliosis had the lowest incidence ratio between males and females, 0.3:1 (95% CI 0.2-0.3). The male/female incidence ratio regardless of type of scoliosis was 0.5:1 (0.4-0.5) (95% CI 0.4-0.5) ( Table 2 ). The overall median age at admission was 15 years (IQR 13-17) for males and 14 years (IQR 12-16) for females. In total, incidence increased by 92% (110% in males and 90% in females), between 2000 and 2013, from 5.1 (95% CI 4.2-6.0) to 10.7 (95% CI 9.4-12.0) per 100,000 with an average of 4.6% per year (p < 0.001). The annual incidence of primary scoliosis surgery increased during the study period for both males (r = 0.88; p < 0.001) and females (r = 0.77; p < 0.001) (Fig. 1) .
The trend in incidence rate was significant in adolescent idiopathic scoliosis (r = 0.85; p < 0.001). The median length of hospital stay decreased continuously, in total by 27%, from 11 days (IQR 9-14) in 2000-8 days (IQR 7-10) in 2013. Individuals with neuromuscular scoliosis had the longest LOS [median = 10 (IQR 9 to 14)] and individuals with adolescent idiopathic scoliosis had the shortest LOS [median = 9 (IQR 8 to 10)], see Table 3 and Fig. 2 .
Posterior fusion was the most common surgical approach (n = 2286; 75%) followed by anterior fusion (n = 546; 18%) and anteroposterior fusion (n = 230; 7%). There was a statistically significant shift towards the proportion of posterior fusion (r = 0.83; p < 0.001) with a resultant decrease in anterior and anteroposterior fusion over the 14 years of surveillance (Table 3) .
Of the 3062 individuals treated surgically for scoliosis, 3% (n = 103) had revision surgery due to post-op infection 
Discussion
This nationwide study aimed to describe the annual incidence of surgical treatment of scoliosis in Swedish individuals and young adults. Specifically, we aimed to identify changes in incidence rate and hospital length of stay (LOS) over this 14 years period and to describe total infections and mortality within 90 days of surgery. There was a significant increase in annual surgeries for scoliosis between 2000 and 2013. The most common indication for surgery was adolescent idiopathic scoliosis. The increase in surgery among this subgroup may be due to the movement away from bracing as a result of difficulties with patient adherence, as well as the long-term psychological impact [14] , and leading surgeons to recommend surgery more often [15] . At end of the time period examined in this study, Weinstein et al. demonstrated significant benefits of bracing for managing scoliosis using a randomized controlled trial [16] . Whether this study will have an impact on surgical rates remains to be seen. While 10 (4) 10 (8-11) 191 (81) 8 (7-10) 35 (15) 5 (7) 3 (4.1)
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we did not see a significant increase in surgery for persons with neuromuscular scoliosis, the shift from conservative treatment to surgical management of scoliosis in this group of Swedish children likely happened prior to 2000 [17] . There was no significant change in incidence of scoliosis surgery for children with MMC. One possible explanation for this lack of change is the fact that there are few cases of children with this condition. Despite the reduction in the number of Swedish children born with MMC due preventive measures (e.g., folic acid use during pregnancy and early detection of the condition in utero which has led to terminations of pregnancies) [18] there has been an influx of children with MMC into Sweden. We do not know if the prevalence of MMC changed during the study period. Additionally, surgical techniques may have advanced enough for the surgery to be considered safe among this group of children. The surgical incidence for scoliosis was higher in females for all types of scoliosis, except for neuromuscular scoliosis and congenital scoliosis and these data confirm results from earlier studies [7, 17, 19] . When comparing our data to data from the 1970s, it seems that the sex differences for surgically treated adolescent idiopathic scoliosis are changing towards a higher proportion of males being treated than females [1] . With the information we have available in this study, we cannot provide insights into the shift towards proportionally more males receiving surgery.
While surgery increased during the study period, there was a concurrent decrease in hospital LOS over the 14-year period. These results mirror findings from other large population-based research demonstrating significant reductions in hospital LOS [7, 8, 17, 20] . Vigneswaran et al. in a study of surgical outcomes in individuals with idiopathic scoliosis, reported a decrease in average hospital LOS from 6.5 days in 1997 to 5.6 days in 2012 [8] , which does not seem to be associated with higher complication rates [21] . In a more recent study (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) of surgery in 2154 individuals with neuromuscular scoliosis, researchers reported a mean hospital LOS of 9.0 days [17] .
With respect to surgical approach, posterior fusions significantly increased with a concurrent decrease in anteroposterior fusion over time. This trend was also found in the US among adolescents undergoing surgery for scoliosis [7, 8] . Vigneswaran et al. in a study of 20,346 adolescents with scoliosis aged 0-12 years, found posterior fusions increased from 63.4% in 1997 to 94.1% in 2012 [8] . The shift in surgical approach away from anterior fusions may be attributed to the re-popularization of the posterior approach and the increased pulmonary function described after posterior surgery compared to anterior surgery [22] .
The number of individuals in our study with various types of scoliosis requiring revision surgery due to infection was similar to rates reported in earlier studies [17, [23] [24] [25] [26] . However, infection rates reported in prior studies and our study cannot be directly compared with each other. Data on infection rates differ according to the definition of infections included (e.g., superficial infections requiring antibiotics, other studies only include infections which require revision surgery), and studies have analyzed infections rates within different time spans. A retrospective review of patients who were revised more than one year after the index procedure found that Titanium alloy instrumentations resulted in less late post-operative infections, when compared to stainlesssteel ones [27] . In Sweden there was a transition in the type of instrumentation used (stainless steel was the most common alloy in implants) prior to and including 2006 and after 2006 (titanium alloys were more common), we examined revision surgery rates and found a 54% increase in revision surgery due to infections during the earlier time period when stainless steel was likely used. In our study, children with MMC experienced the highest post-operative infection rate. There are few studies that have evaluated surgical outcome, including infections for children with this type of scoliosis [28] .
In this study, individuals with neuromuscular scoliosis exhibited the highest mortality (1.4%). Mortality related to scoliosis surgery has been examined in a variety of ways. In a study of 8975 pediatric patients undergoing 29 different orthopedic procedures, four deaths were noted (0.04% of all patients) within 30 days. These deaths occurred only in patients with non-idiopathic scoliosis (n = 655) [29] . De la Garza Ramos (2016) found a seemingly high mortality rate of 0.12% among 36,335 individuals with adolescent idiopathic scoliosis during the inpatient stay [20] . In our study there were no deaths among individuals with adolescent idiopathic scoliosis.
Limitations and strengths
Due to the retrospective nature of the study and the use of a national registry there is the potential for misclassification bias or missing data, as we did not confirm surgeries in the medical records of patients. However, the quality of the registry data has been systematically reviewed and the accuracy of the coding is reported to be high [30] . However, we cannot exclude that the increase of incidence of scoliosis surgeries might be affected by an increased awareness of the medical system towards this diagnosis. As it is impossible to ascertain the number of individuals diagnosed with scoliosis from the registry data, our focus is on the changes in surgical management within the total population at risk. It is likely that surgical technique has changed over time, but we find it unlikely that this have resulted in different reporting patterns to the National Patient Register. A strength of the study includes examination surgical management of scoliosis within a national registry embedded in a public health system. Thus, we have complete ascertainment of the population of risk for surgeries every year. To our knowledge, this is the largest epidemiology study of surgical management for individuals and adolescents with scoliosis to examine various types of scoliosis and trends of this management in a national population. There were no changes in diagnostic codes during the time period of the study (all have ICD-10 codes). To minimize the possibility of including children who had scoliosis surgery prior to the study period, we examined the database and excluded children who had surgery between 1997 and 2000.
Conclusions
During the study period 2000-2013, the incidence of surgical treatment of scoliosis in individuals and adolescents increased, driven primarily by increases in surgical management for adolescent scoliosis. We do not expect this increase to reflect a change in surveillance techniques. Rather, we postulate that surgeons were more likely to recommend surgery for scoliosis due to improvements in surgical techniques, better peri-and post-operative care, and reduced bleeding time and complications, even though we lack data to support this assumption.
The decrease in LOS may reflect improvements in surgical techniques and post-operative care. This present nationwide study is the largest report focused on trends in the surgical management of individuals and adolescents with scoliosis diagnosed with various types of scoliosis and may serve as a basis for further studies. 
